INTRODUCTION E VER SINCE its invention more than three decades ago, the Rotary Vane Attenuator (RVA) has been a popular type of microwave attenuator. This popularity arises from its high resolution and resettability, and from the simple relationship between the attenuation and the angle of rotation, a relationship that is fulfilled with satsifactory accuracy for many purposes.
For precision applications, special laboratory RVA instead been made to include all electromagnetic errors in a precision model [3] . The functional behavior is then known and methods are derived for measurements of all the parameters that are needed for a complete determination of the complex transmission versus angle of rotation. At low-attenuation settings, errors caused by internal mismatch dominate and typically amount to 0.01 dB for a precision RVA. In [3] , it has been shown that these errors can be calculated from measurements of complex reflection coefficients versus angle.
The aim of this paper is to experimentally investigate how well the model agrees with detailed precision measurements, and thereby discuss whether or not the RVA can be used as a primary standard.
METHODS FOR MEASUREMENT All measurements were made on an X-band precision RVA labeled XR 1. A detailed description of XR 1 is given in [2] . In order to enable in situ measurements, the RVA was fitted with circulators and switches as shown in Fig. 1 and described in detail in [3] .
Reflection Coefficients
These were measured by means of a computer-corrected automatic network analyzer. For each frequency, the complex reflection coefficients were measured for both ports at every 150 from 00 to 1650 with a resolution of 10-4 on magnitude and 0.10 on phase angle. The magnitudes are of the order of 0.05 so that the resolution is roughly 1 0-4 on both the real and the imaginary part.
Complex Transmission Coefficients
The complex transmission coefficients "forward" and "reverse" were measured at 0°by means of the network analyzer 0018-9456/83/0300-0289$01.00 © British Crown Copyright 1983 as these are also required for the calculations of the transmission error parameters.
Precision Attenuation Measurements
Precision attenuation measurements were made using a modulated subcarrier system described in [4] . For each of the possible frequencies (9, 10, and 11.2 GHz), the attenuation was measured at angles 00, 18.40, 26.60, 33.20, 39.20, 45.00, 50.80, 56.80, 63.40, and 71.60 From Fig. 2 we can conclude that 1) the parameters, a, b, and c are strongly significant, 2) d is barely significant and e is not, 3) the agreement with the model is excellent (a 5 2 X 10-4).
PRECISION ATTENUATION MEASUREMENTS In contrast to the case of reflection measurements, the uncertainty of the attenuation measurements depends strongly on the vane angle. Therefore, Fourier analysis is not as straightforward to apply in attenuation measurements. Instead, the results are analyzed graphically. As the maximum attenuation is only 20 dB, contributions from zero-setting error parameter 00 and residual transmission y are small. These error parameters are determined from attenuation measurements around 900 and all the results presented are corrected for these errors. In Fig. 3(a)-( Fig. 4(a)-(f) , the values of a and : calculated from the measured values of b and c are shown together with the directly measured values of Re (a) and Re (/3). In spite of the good agreement shown for both the reflection and the attenuation measurements, these results show a complete disagreement. DISCUSSION The most obvious explanation for the discrepancy between measured and calculated attenuation errors in spite of the otherwise good agreement with the model would be that the model is correct whereas the relations used for calculation of Fig. 1 
